We describe a case of ulcerative midfoot osteomyelitis in a patient with Charcot diabetic neuropathy. After debridement, an extensive osseous defect led to staged reconstruction in an attempt to salvage the foot. We describe the presentation, the treatment, and the technical points of this challenging case.
C harcot diabetic neuropathy is a difficult problem. Improved therapy means that patients are living with the effects of chronic diabetes. Charcot neuropathy is a synthesis of diabetes, sensorimotor and autonomic neuropathy, trauma, and metabolic abnormalities of bone 1 , resulting in destructive hypertrophic osteoarthropathy. A propensity for the midfoot and the hindfoot leads to substantial morbidity, including potential limb loss [1] [2] [3] [4] . When complicated by deep sepsis, many believe that amputation is unavoidable 5 .
Amputation has negative consequences on health-related quality of life and resource consumption 6 . Higher-energy expenditure overloads the cardiovascular system 7 , physical inactivity leads to increased morbidity and mortality 8, 9 , and there is greater risk of proximal reamputation and/or contralateral amputation 10 . Successful reconstructive surgery can substantially improve independence, quality of life, and longevity 6 . Thus, there is a growing trend to push the boundaries of salvage in the infected, unstable, deformed Charcot foot where amputation traditionally would be advocated.
Lack of effective techniques to address extensive osseous defects following resection of osteomyelitic bone poses a major hindrance to reconstruction. Autologous bone-grafting is hampered by long-term graft resorption 11 , which is unsuitable in the weight-bearing foot. The induced-membrane technique proposed by combines structure and biology to achieve durable bone reconstruction. Effective in repairing posttraumatic defects in the long bones 15 , the Masquelet technique, to our knowledge, has not been described for midfoot reconstruction in osteomyelitic Charcot diabetic neuropathy. Our case illustrates its novel application with a successful result.
The patient was informed that the data concerning the case would be submitted for publication, and he provided consent.
Case Report
A fifty-year-old noncompliant man with untreated diabetes presented with ten days of increasing redness and swelling of the right foot and lower leg, as well as fever and chills. He described a foot sprain two months earlier, noting progressive change in the shape of the foot with a painless midfoot plantar ulcer. Previous history included an infected plantar ulcer in the contralateral foot that had been debrided two years prior with slow healing. He had been diagnosed with diabetes mellitus and started on oral medication, but after several months, he had become noncompliant and discontinued therapy. At presentation, he was acutely ill with a temperature of 39°C, tachycardia of 125 beats/minute, a systolic blood pressure of 100 mm Hg, and tachypnea of 22 breaths/minute. The right foot was painless, swollen, erythematous, and warm, with a rocker-bottom Disclosure: None of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in support of any aspect of this work. None of the authors, or their institution(s), have had any financial relationship, in the thirty-six months prior to submission of this work, with any entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written in this work. Also, no author has had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the online version of the article. appearance. A 6 · 8-cm necrotic, malodorous, draining mal perforans ulcer was present at the lateral plantar side of the right midfoot ( Fig. 1 ). All of the distal pulses were present. Transcutaneous oxygen pressure at the dorsum of the foot was low at 35 mm Hg. Both lower limbs had reduced sensation to light touch, pinprick sensation, and proprioception in a stockingtype distribution. Radiographs of the right foot demonstrated disorganization and osteopenia of the midfoot bones, as well as fracture-dislocations of the tarsometatarsal (TMT) joints with resultant rocker-bottom deformity. Laboratory results included a white blood-cell count of 9.1 · 10 3 cells/mL (normal range, 4.5-10 · 10 3 cells/mL), a hemoglobin level of 11.4 g/dL (normal range, 14-17.5 g/dL), a C-reactive protein level of 24.2 mg/dL (normal, <1 mg/dL), a glucose level of 342 mg/dL (normal, <100 mg/dL), and glycated hemoglobin of 13.9% (normal, <5.7%).
The patient underwent urgent debridement of the necrotic soft tissue and the nonviable bone, and parts of the cuboid and lateral cuneiform bones were removed. The full-thickness ulcer communicated directly with the TMT joints where copious pus had collected (Fig. 1) . The clinical diagnosis of osteomyelitis was confirmed histologically and by microbiology with polymicrobes, and Bacteroides fragilis, Enterococcus faecalis, and Peptostreptococcus species, which are all sensitive to ciprofloxacin and amoxicillin, were present. Negative-pressure wound therapy was used to address the deep cavity. Because the foot was not grossly unstable, it was immobilized in a splint. The deformity at the TMT joints was categorized as Brodsky type I 16 ; the acute fragmentation was characterized as Eichenholtz stage I 17 ; and the diabetic foot infection with osteomyelitis and deep abscesses was characterized as Wagner grade 3 18 . Two weeks postoperatively, purulence had accumulated in the midfoot cavity. Aggressive osseous debridement removing the entire second and third cuneiforms and cuboid bones resulted in an unstable flail foot, and a partial ring fixator was applied.
Two weeks later, the patient developed a fever with marked right foot edema as well as erythema and fluctuance tracking from the plantar ulcer to the lateral retromalleolar area. Drainage of the peroneal tendon sheaths was performed. Additional excision of the midfoot resulted in a 3 · 6-cm cavity spanning the area previously occupied by the lateral third of the medial The patient remained on antibiotherapy, and repeat surgical debridement demonstrated no active infection, supported by the C-reactive protein level, which decreased to 0.5 mg/dL at six weeks. All of the wounds healed without soft-tissue reconstruction. The external fixator and cement spacer were removed for staged reconstructive surgery. Upon gross inspection, the midfoot cavity was clean and there were no signs of infection. Multiple swabs were taken for Gram staining, which revealed no microorganisms. Later cultures revealed no growth. Medial column reconstruction was performed through realignment and extended fusion (incorporating the first metatarsal, medial cuneiform, navicular, and talus bones) with an intramedullary 8-mm screw 19 , and a new cement block was implanted in the midfoot, allowing for membrane induction (Figs. 2 and 3 ). The cement spacer was implanted to induce the formation of an encapsulating membrane through a foreign body reaction. This type of membrane has an inner synovial-like epithelium and an outer part that comprises fibroblasts, myofibroblasts, and collagen 20 . The wounds were closed primarily.
Six weeks later, final reconstruction included lateral column and hindfoot stabilization as well as bone-grafting. The goal was to recreate a plantigrade foot with equal weight distribution that was free of ulceration from abnormal pressure points. Through the previous plantar incision, full-thickness flaps were developed to expose the induced membrane that was closely lining the midfoot cavity. The membrane was incised and the cement spacer was removed ( Fig. 4) . To induce surface bleeding, multiple perforations were made in the proximal metatarsals, which formed the distal margin of the cavity, and in the anterior process of the calcaneus and the lateral part of the navicular, which formed the proximal margin of the cavity. Hindfoot stabilization was performed by subtalar fusion with use of a 6.5-mm partially threaded cannulated screw. The lateral column of the foot was stabilized with use of a 6.5-mm fully threaded cannulated screw from the calcaneus into the fourth metatarsal shaft. Autologous corticocancellous struts of iliac crest graft were placed to span the length of the cavity, providing length and stability. Morselized graft filled the Fig. 4 The cement block that had been implanted six weeks earlier for membrane induction (left) was removed as atraumatically as possible to reveal the membrane chamber (right). remaining gaps. The membrane was closed to contain the graft. After standard wound closure, a percutaneous three-level tenotomy was performed to lengthen the Achilles tendon in order to correct an ankle equinus deformity. This, in turn, would decrease midfoot mechanical stresses. A univalve split plaster cast was used for postoperative immobilization. Postoperative radiographs showed a well-aligned foot (Figs. 5 and 6). Final histology and bacteriology showed absence of osteomyelitis. All of the wounds healed uneventfully. The patient remained non-weight-bearing for twelve weeks and then was able to partially bear weight with a custom-molded Charcot Restraint Orthotic Walker (CROW) for an additional twelve weeks. Following discontinuation of the CROW, he was fitted for custom-molded shoes with a rocker-bottom outsole. He was advised to use two crutches and continue full weightbearing for two additional months, and he was compliant. Radiographs at twenty-five months demonstrated graft union with no signs of graft resorption or infection ( Figs. 7 and 8) . Clinically, the foot remained plantigrade and ulcer free ( Fig. 9 ).
Discussion
S alvage of infected neuropathic feet is successful when infection is resolved, bone and soft-tissue loss are reconstructed, and the deformity is corrected. We reestablished a stable, wellaligned, plantigrade, ulcer-free foot with use of the inducedmembrane Masquelet technique to reconstruct an extensive midfoot defect in an unstable, ulcerated, infected rockerbottom Charcot foot. The patient fulfilled our criteria for salvage surgery. As is ideal, he was young, active, and in good general health with a treatable local infection that was non-lifethreatening, and he had adequate vascularity. Other indications for salvage surgery are bilateral limb involvement with recurrent plantar ulcers and deformity, which places the diabetic foot at risk. Well-planned and performed reconstructive surgery in selected patients can produce a good outcome and provide a much-needed alternative to amputation 21, 22 .
We believe that lack of an effective technique to address large bone loss after osteomyelitis is a major factor that influences surgeons to favor amputation over salvage. An additional dilemma is that the most common anatomical location requiring surgical intervention in patients with Charcot diabetic neuropathy is the midfoot, representing 59% of cases 23 ; intricate articulations make it difficult to reconstruct. Extensive midfoot defects can "disconnect" the forefoot from the hindfoot; they are often considered unsalvageable despite the relatively well-preserved forefoot and hindfoot. The answer lies in reconstructing a mechanical Anteroposterior radiograph at twenty-five months postoperatively showing the graft assuming a cortical appearance. Lateral radiograph at twenty-five months postoperatively demonstrating consolidation at the midfoot. A well-aligned foot without ulceration at twenty-five months postoperatively.
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JBJS CASE CONNECTOR VOLUME 5 d N U M B E R 2 d APRIL 8, 2015 bridge with biological properties to incorporate successfully with the host bone and remain durable without failing from timerelated graft deterioration and resorption 11 . This has been achieved with the induced-membrane Masquelet technique [12] [13] [14] .
Success can be attributed to the membrane's "mechanical" and biological properties. The neoperiosteum physically retains the implanted graft in situ, serving as a barrier protecting the graft against resorption by surrounding muscle 14 .
The membrane also has the capacity to secrete vascular and osteoinductive growth factors such as vascular endothelial growth factor, transforming growth factor-b1, and bone morphogenetic protein-2, which are critical for graft revascularization, cell proliferation, and preferential cell differentiation to bone lineage 20, 24 . The effectiveness of the Masquelet tech-nique makes it a favorable alternative for bone reconstruction compared with vascularized bone transfers or distraction osteogenesis. n
